Background: Pregnancy and childbirth are associated with lumbopelvic pain and instability. Fatigability of the lumbopelvic stabilizing muscles after childbirth is unknown, and no clinical tests exist to assess this important metric of muscle function. Objectives: To compare fatigability of the lumbopelvic stabilizing muscles in postpartum and nulligravid (control) women using the Active Straight Leg Raise (ASLR) Fatigue Task, and to determine whether fatigability is associated with interrecti distance (IRD), physical function, and pain/ disability. Study design: A longitudinal case-control study. Methods: Twenty-nine nulligravid (25.4 ± 9.1 years) and 31 postpartum women (31.4 ± 5.2 years; vaginal delivery n = 18) were tested at 2 time points, 16 weeks apart (postpartum women tested at 8-10 and 24-26 weeks postpartum). Muscular function was assessed with manual muscle testing (MMT), the ASLR test, and a new ASLR Fatigue Task. Other measures included IRD, rectus abdominis thickness, physical activity, and 6-minute walk distance. Results: Postpartum women were 23% more fatigable ( P = .028) and were weaker (MMT) ( P < .001) than controls up to 26 weeks postpartum. The ASLR Fatigue Task
INTRODUCTION
Pregnancy and childbirth can have a detrimental impact on the musculoskeletal system of the mother, and have been associated with several physical impairments, which are commonly treated by physical therapists, such as low back pain, pelvic girdle pain, and incontinence. [1] [2] [3] [4] [5] Hormonal changes during pregnancy lead to joint laxity, particularly in the pelvic joints. 6 Pregnant women frequently experience an increase in interrecti distance (IRD; increased separation of the rectus abdominis muscles) [7] [8] [9] that potentially disrupts force transmission of the abdominal muscles 10 and persists up to 1 year postpartum. 9 Regardless of delivery type, further damage to pelvic or abdominal structures occurs during childbirth. With vaginal delivery, disruption of the pelvic joints and/or injury to the pelvic fl oor muscles can occur, especially when forceps or vacuum interventions are needed. 11 Cesarean delivery causes further trauma to the fascia and musculature of the anterior abdominal wall. 12 An additional factor that may impact neuromuscular function and recovery is physical activity: approximately 60% of pregnant and 80% of postpartum women report decreased physical activity levels compared with prepregnancy. 13 Despite these musculoskeletal and lifestyle changes, the impact of pregnancy and method of delivery on the function of the abdominal muscles in the postpartum period is not well quantifi ed.
The abdominal and pelvic fl oor muscles contribute to stability of the spine and pelvis, 14 , 15 and dysfunction of these muscle groups has been linked with pain syndromes. [16] [17] [18] [19] [20] The fascial integrity of the abdominal wall has also been shown to be critical to the transfer of abdominal muscle force, 10 and this integrity can be assessed by measuring IRD. Currently, the Active Straight Leg Raise (ASLR) test-which involves lifting and lowering a fully-extended leg in supine while maintaining a neutral lumbar spine-is used as a clinical measure of lumbopelvic stability, the ability to activate the abdominal muscles, and posterior pelvic pain severity in both pregnant and postpartum populations. [21] [22] [23] [24] However, standard postpartum care in the United States does not include these tests or other assessment s of musculoskeletal function. 25 Clinical measures of abdominal muscle function, such as manual muscle testing (MMT), are often subjective and insensitive, and frequently limited to assessing strength alone. Sustained and intermittent abdominal muscle contractions, however, are often required during daily functional tasks and ultimately result in muscle fatigue. Muscle fatigue, also known as fatigability, is typically quantifi ed by 2 methods: (1) the reduction in maximal force or power of a muscle in response to muscle contraction 26 and (2) the duration a motor task can be successfully maintained (ie, time-to-task failure). 26 , 27 Fatigability is often overlooked in clinical assessment. We previously reported that the trunk fl exor muscles of postpartum women were 71% and 52% more fatigable at 8 and 26 weeks postpartum, respectively, than women whom had never been pregnant, during an intermittent isometric contraction task performed at 50% of maximal strength. 28 This fatigue task of the trunk fl exors was performed in a torque dynamometer (Biodex Systems) in upright sitting that targets the rectus abdominis and the oblique muscles; however, many clinicians have limited or no access to this equipment , and time constraints make this test less clinically appealing. Thus, we created a clinically accessible tool to assess fatigability of the lumbopelvic stabilizing muscles, which are functionally important for lifting/carrying tasks and stabilization of the trunk during limb movements. To accomplish this, the ASLR test was modifi ed into a fatigue task to assess fatigability of the lumbopelvic stabilizing muscles. The standard ASLR test involves a 5-second hold of the leg (heel 20 cm from the ground with knee fully extended) while supine and, thus, does not involve a sustained contraction of the lumbopelvic musculature, which is often required in daily tasks.
The purposes of this study were (1) to compare fatigability of the lumbopelvic stabilizing muscles during a sustained contraction with the new ASLR Fatigue Task in nulligravid women with women who were up to 26 weeks postpartum ; (2) to determine the impact of mode of delivery on fatigability (assessed with the ASLR Fatigue Task); (3) to determine whether fatigability changes over time as postpartum women recover from childbirth and return to prepregnancy activities; and (4) to establish test-retest reliability of the newly developed ASLR Fatigue Task in nulligravid women. We hypothesized that postpartum women would be more fatigable (shorter time-to-task failure) than nulligravid women for the newly developed ASLR Fatigue Task at both time points, and the postpartum women who delivered via cesarean section would have greater fatigability than the women who had a vaginal delivery. We also hypothesized that the postpartum women (both delivery types) would demonstrate improved fatigability (increase in timeto-task failure) by the 24 to 26-week testing point, due to natural recovery after childbirth. Given the role for the lumbopelvic stabilizing muscles during walking, we hypothesized that the ASLR Fatigue Task (time-to-task failure) would be associated with performance on the 6-minute walk test, physical activity levels, and IRD. Due to previous studies showing decreased physical activity levels during and after pregnancy, we also compared fatigability of a subgroup of postpartum women and control women who were matched for physical activity levels. Given the role of the abdominal muscles in pelvic fl oor function, low back pain, and pelvic girdle pain, we used questionnaires to quantify pelvic fl oor function, pain, and low back pain-related disability.
METHODS Participants
Twenty-nine women who had never been pregnant (nulligravid; 25.4 ± 9.1 years) and 31 postpartum women (31.4 ± 5.2 years; vaginal delivery n = 18) participated in the study. All participants were free from neurological disorders, cardiovascular disease, chronic pain diagnoses, or other signifi cant medical or orthopedic conditions (such as exercise-induced asthma, fractures, and severe scoliosis), which may have impacted study outcomes. Participants did not use medications known to infl uence neuromuscular excitability, including antidepressants. Use of pain medication, anti-infl ammatory medications, and alcohol was restricted for 12 hours and caffeine for 2 hours prior to testing. All participants provided written informed consent. An overview of the study design is summarized in Figure 1 . Session 1 included a dual x-ray absorptiometry scan to estimate body composition, MMT, ultrasound measurement of IRD, the ASLR test, and the ASLR Fatigue Task. Session 2 involved performance of the 6-minute walk test and completion of multiple questionnaires. Participants also wore a triaxial accelerometer for 4 days to quantify physical activity levels.
Standard Clinical Measurements of Abdominal Muscle Function

Manual Muscle Testing
Participants were positioned on a plinth in supine with legs extended, without a pillow underneath their head. Participants were instructed to lift their head and shoulders up off the table as far as possible without moving their legs. Strength was graded on a 1-to 5-point scale, as described by Hislop and Montgomery. 29 Active Straight Leg Raise Test While lying supine on a plinth, participants were asked to raise 1 leg (with knee extended) 20 cm (heel to plinth), hold for 5 seconds, and slowly lower the leg back to the plinth. Stability of the spine and pelvis was assessed with an infl atable air bladder under the lumbopelvic region, infl ated to 40 mm Hg. Participants were asked to rate diffi culty of raising the leg on a scale of 0 to 5 points (0 = not diffi cult at all, 5 = unable to lift leg). For ratings above zero, the test was repeated with the examiner providing manual compression to the pelvis. If the diffi culty rating decreased with manual compression, the test was considered positive for instability of the pelvis. 21 , 22 , 24 , 30 , 31 Novel Clinical Measurement of Fatigability of the Lumbopelvic Stabilizers
Active Straight Leg Raise Fatigue Task
Participants performed the ASLR test prior to performing the ASLR Fatigue Task. If diffi culty of raising the leg was equal bilaterally, the dominant leg (selfreported) was used for the fatigue task. If diffi culty ratings were different between legs, or if the participant had a positive test and/or a painful side, the leg that was less diffi cult (or not painful) was used. Participants lifted the heel of the test leg to 20 cm for as long as possible. Participants were required to maintain pressure in the cuff beneath their back as close to 40 mm Hg as possible. Visual feedback of cuff pressure was provided throughout the task, but no instruction was given on how to affect cuff pressure. Task failure was defi ned as an inability to maintain heel height 10 cm or more off the plinth and/or a change in cuff pressure of 20 mm Hg or more. One attempt was performed.
Functional Test: 6-Minute Walk
To assess muscular and cardiovascular endurance during functional mobility, the 6-minute walk test was performed. 32 Participants walked as quickly as possible, without running, for 6 minutes on an indoor walking track. Standard instructions and encouragement were provided for each participant. The distance walked was measured.
Physical Activity
Self-Reported Physical Activity
Participants self-reported physical activity from the previous 12 months using the Physical Activity Questionnaire. 33 The questionnaire evaluates both recreational and occupational physical activity in metabolic equivalents per hour per week (MET·h/wk).
Accelerometry
Physical activity around the time of testing was quantifi ed using triaxial accelerometers (Actigraph, Pensacola, Florida) worn around the waist for 4 days. Average minutes per day of moderate-intensity exercise was determined (ActiLife software, Actigraph) in accordance with American College of Sports Medicine physical activity recommendations. 34 
Pain and Disability Questionnaires
Pain was assessed with the McGill Short Form Pain Questionnaire 35 prior to performance of the 6-minute walk test. The impact of low back and pelvic girdle pain on daily function was assessed with the Oswestry Low Back Disability Questionnaire 36 , 37 and the Pelvic Girdle Questionnaire. 38 Pelvic fl oor symptoms were assessed with the Pelvic Floor Distress Inventory. 39 
Body Composition
A GE Lunar iDXA (GE Healthcare, Little Chalfont, United Kingdom) was used to estimate body composition. Participants were scanned in supine with hips and forearms in neutral position.
Interrecti Distance and Muscle thickness
IRD and muscle thickness were assessed while the participant was supine on a plinth 40 with a GE Vivid e ultrasound machine (8 LRS linear probe; GE Healthcare, Little Chalfont, United Kingdom). Thickness of the right rectus abdominis muscle belly was measured at 2.5 cm above and below the umbilicus. IRD was measured at 4 cm above, 2.5 cm above, 2.5 cm below, and 4 cm below the umbilicus. Images were recorded at end expiration with recommended transducer orientation. 41 For IRD, 3 images were obtained at each site and averaged. For muscle thickness, the largest measurement was used. Images were excluded from analysis if the muscular borders were not clearly defi ned. For women whose IRD exceeded the viewing range of the transducer, the maximal width of the transducer viewing rage (3.85 cm) was recorded.
Statistical Analysis
Data within the text and tables are presented as means ± standard deviation and in fi gures as means ± standard error of the mean. Independent samples t tests were used to compare subject characteristics (age, height, weight, and body composition), ASLR time-totask failure, 6-minute walk test performance, physical activity (self-reported and accelerometer), IRD, and rectus abdominis thickness between (1) nulligravid versus postpartum women and (2) vaginal versus cesarean section delivery, separately at each time point (8-10 vs 24-26 weeks postpartum). Nonparametric tests were used to compare MMT strength grades (Mann-Whitney U ), questionnaire results (MannWhitney U ), and ASLR test outcome ( χ 2 ) between groups. Spearman's ρ nonparametric correlation was used to test associations between variables that were not ordinal level data (such as MMT) or did not demonstrate a linear relationship (such as IRD). Spearman correlation was also used to assess the association between fatigability and age. Pearson correlation was used to determine test-retest reliability of the newly developed ASLR Fatigue Task in nulligravid women. Pearson correlation was used for the remaining correlation analyses.
A subgroup of 9 controls and 7 postpartum women (vaginal delivery, n = 5) was matched for physical activity over the previous 12 months using the Physical Activity Questionnaire. Activity matching was only possible at the initial time point (8-10 weeks postpartum), due to low numbers of matched individuals at the follow-up. A similar statistical approach, as listed earlier, was used to compare data.
In a subgroup of participants (16 control women and 22 postpartum women [15 vaginal delivery] ), the effect of time on fatigability was assessed by comparing time-to-task failure between the 8 and 26 weeks postpartum time points with repeated measures analysis of variance with group (control, vaginal delivery, and cesarean delivery) as a betweensubjects factor.
RESULTS
Participants
Twenty-nine control women and 27 postpartum women (vaginal delivery n = 17) completed testing at the initial (8-10 weeks postpartum) time point. Sixteen control women and 26 postpartum women (vaginal delivery n = 16) completed testing at the follow-up time point (24-26 weeks postpartum). Seven control women and 5 postpartum women (vaginal delivery n = 2, cesarean delivery n = 3) were lost to follow-up due to schedule confl icts. Six control women completed only the 6-minute walk test, questionnaires, ASLR test, and ASLR Fatigue Task as part of a separate study and did not return for follow-up. Three women from the cesarean delivery group and 1 woman from the vaginal delivery group completed testing only at the 26-week time point. A fl ow diagram of subject participation is presented in Figure 1 .
Descriptive Data
Subject characteristics, including height, weight, and ultrasound data (IRD and rectus abdominis thickness), are presented for nulligravid versus postpartum women in Table 1 and for vaginal versus cesarean delivery in Table 2 . Nulligravid women were younger, weighed less, had lower body mass index (BMI) and less body fat, had thicker rectus abdominis muscle above the umbilicus, demonstrated smaller IRD, and were more physically active than postpartum women ( P < .05) . Women in the vaginal delivery group were similar in age, number of pregnancies, weight, BMI, body fat percentage, abdominal muscle thickness, IRD, and physical activity ( P > .05) to women in the cesarean delivery group. Clinical assessments, including ASLR test and questionnaires, are presented for postpartum versus control in Table 3 and for vaginal versus cesarean delivery in Table 4 . Nulligravid women had higher MMT grades, lower Oswestry scores, less pelvic fl oor dysfunction, less pelvic girdle pain, and walked a further distance than postpartum women ( P < .05). At 8 to 10 weeks postpartum, women who delivered via cesarean section had lower Oswestry scores, less pelvic fl oor dysfunction, and less pelvic girdle pain than women who delivered vaginally ( P < .05). However, by 26 weeks postpartum, there was no difference between the cesarean and vaginal delivery groups ( P > .05).
Clinical Measures of Abdominal Muscle Function
Manual Muscle Testing
Postpartum women demonstrated lower MMT strength grades than control women at 8 and 26 weeks postpartum ( P < .001, Table 3 ). Even when matched for physical activity, postpartum women had lower MMT strength grades than controls ( P = .001). There was no difference in MMT strength grades between the vaginal and cesarean delivery groups at 8 or 26 weeks postpartum ( P = .115 and P = .397, respectively, Table 4 ).
Active Straight Leg Raise Test
At the initial time point, 23% of control women and 37% of postpartum women had a positive ASLR test ( P = .280, Table 3 ). Of the women who had positive ASLR tests, 40% of the postpartum women and 20% of the control women had bilateral positive ASLR tests. At follow-up, 12.5% of the control women and 44% of the postpartum women tested positive for impaired lumbopelvic stability ( P = .035, Table 3 ). At the follow-up time point, 55% in the postpartum group of the positive ASLR tests were bilateral positives, while no control women were bilateral positive. At 8 weeks postpartum, 41% of women who had a vaginal delivery and 30% of women who had a cesarean delivery had positive ASLR tests ( P = .692, Table 4 ). Forty-three percent of the women who delivered vaginally had bilateral positive ASLR tests, and 33% of the women in the cesarean group had bilateral instability. At 26 weeks postpartum, 44% of women in both the vaginal and cesarean delivery groups had positive ASLR tests ( P = 1.00, Table 4 ). Of the women in the vaginal delivery group with a positive ASLR test, 57% had a positive test bilaterally. Fifty percent of the women in the cesarean group with a positive ASLR test were positive bilaterally.
Active Straight Leg Raise Fatigue Task
Postpartum women at 8 weeks had a shorter timeto-task failure (more fatigable) than control women (109 ± 50 seconds vs 161 ± 63 seconds, P = .001) and this persisted at 26 weeks postpartum (125 ± 45 seconds vs 163 ± 63 seconds, P = .028; Figure 2A ). There was no difference in time-to-task failure between vaginal and cesarean delivery at 8 weeks (114 ± 52 seconds vs 101 ± 49 seconds, respectively, P = .512) or 26 weeks postpartum (113 ± 38 seconds vs 144 ± 50 seconds, respectively, P = .086; Figure 2B ).
At 8 weeks postpartum, the 7 postpartum women who were matched for physical activity with the 9 controls had greater fatigability compared with controls (113 ± 22 seconds vs 164 ± 29 seconds, respectively, P = .002). 
IRD 2.5 cm below umbilicus, cm 1.8 ± 0.9 (n = 15)
IRD 4 cm below umbilicus, cm
Average moderate-intensity physical activity, min/d 17.1 ± 19.1 (n = 10) 15.3 ± 11.2 (n = 9) 17.0 ± 11.9 16.0 ± 7. Subjects were also grouped by ASLR test status (positive vs negative test). There was no difference in time-to-task failure between women with a positive and negative ASLR test at the 8-week time point (126 ± 47 seconds vs 142 ± 69 seconds, respectively, P = .431) or 26-week time points (123 ± 52 seconds vs 147 ± 56 seconds, respectively, P = .179; Figure 2C ) . Furthermore, no group demonstrated a change in ASLR timeto-task failure from the 8-to 26-week time point (time effect P = .603; time × group effect P = .567).
Test-retest reliability, assessed in the nulligravid group with Pearson correlation, had an r value of 0.810 ( P < .001).
Associations
Performance on the ASLR Fatigue Task was associated, at both 8-and 26-week time points, with body fat, IRD, rectus abdominis thickness, self-reported physical activity over the previous year, and MMT. A shorter time-to-task failure was associated with higher body fat percentage (8 weeks: r = − 0.601, P < .001, Figure 3A ; 26 weeks: r = − 0.468, P = .002, Figure 3B ). Women with a greater IRD 2.5 cm below the umbilicus had a shorter time-to-task failure (8 weeks: r s = − 0.443, P = .003, Figure 3C ; 26 weeks: r s = − 0.508, P = .002; Figure 3D ). Lower self-reported physical activity over the previous year was associated with increased fatigability (8 weeks: r = 0.345, P = .017, Figure 3E ; 26 weeks: r = 0.376, P = .020, Figure 3F ), as were lower MMT strength grades (8 weeks: r s = 0.532, P < .001; 26 weeks: r s = 0.360, P = .026). Thinner rectus abdominis muscle belly at 2.5 cm above the umbilicus was also associated with greater fatigability (8 weeks: r = 0.332, P = .018, Figure 3G ; 26 weeks: r = 0.404, P = .010; Figure 3H ). Women who walked a shorter distance in 6 minutes were also more fatigable (shorter timeto-task failure) at 8 weeks postpartum (8 weeks: r = 0.451, P = .001), although this did not reach significance at 26 weeks ( r = 0.307, P = .051).
Because there was a statistically signifi cant difference in age between nulligravid and postpartum women, the potential association between fatigability and age in this young cohort of women was assessed with Spearman correlation. Age was not associated with fatigability (time-to-task-failure) at the initial (8-10 weeks postpartum) or follow-up time point (24-26 weeks postpartum) for all participants ( r s = − 0.118, P = .482, and r s = − 0.034, P = .840, respectively), only nulligravid women ( r s = 0.266, P = .319, and r s = 0.094, P = .729, respectively), and only postpartum women ( r s = − 0.025, P = .913, and r s = 0.072, P = .751, respectively).
DISCUSSION
The novel fi nding of this study was that postpartum women demonstrated greater fatigability of the lumbopelvic stabilizing muscles than nulligravid controls, up to 26 weeks after childbirth, as assessed by the newly-developed ASLR Fatigue Task. The greater fatigability of the postpartum women was independent of lumbopelvic stability, as there was no difference in time-to-task failure between women who had a positive and a negative ASLR test. There was no difference in fatigability of the lumbopelvic stabilizing muscles between delivery types. Postpartum women who were matched for physical activity levels with the control women exhibited greater fatigability, suggesting that decreased physical activity is not the sole mechanism responsible for the large fatigability of the lumbopelvic stabilizing muscles of postpartum women. Women who were less fatigable with the ASLR Fatigue Task, however, reported greater physical activity over the preceding year, walked a longer distance in 6 minutes, had lower body fat, a smaller IRD, a thicker rectus abdominis muscle, and a higher MMT strength grade. This is the fi rst study to establish the ASLR Fatigue Task as a potential clinical measure of fatigability of the lumbopelvic stabilizing muscles. This test showed that postpartum women are more fatigable than nulligravid women, and that this increased fatigability was still present approximately 6 months after childbirth. The fi nding of increased fatigability in postpartum women is consistent with our previous fi ndings of greater fatigability of trunk fl exor muscles for an intermittent, isometric trunk fl exion fatiguing task in the Biodex dynamometer. 28 The short time-to-task failure of the Fatigability of the lumbopelvic stabilizing muscles was also inversely associated with IRD at both 8 and 26 weeks postpartum such that women with a smaller IRD were less fatigable. The association between fatigability and IRD may be partially explained by an impaired ability of the anterior abdominal wall fascia to transfer abdominal muscle force. 10 The thinning of the connective tissue caused by pregnancy hormones and substantial stretch of the abdominal wall may compromise the integrity of the fascia, and some of the force generated by the abdominal muscles may be reduced due to ineffective connective tissue.
ASLR Fatigue Task, along with the fact that it requires minimal additional equipment (pressure biofeedback unit, stopwatch, ruler, and plinth), and its good testretest reliability, make it a practical clinical test.
Performance on the ASLR Fatigue Task was positively associated with the MMT strength grade. Postpartum women were weaker than control women when assessed with MMT at 8 and 26 weeks postpartum, which is consistent with a previous study from our group that demonstrated lower isometric trunk fl exion strength in postpartum women using the Biodex dynamometer. 28 exercise to increase muscle mass/endurance, increase cardiovascular fi tness, and decrease body fat in the postpartum period.
The large fatigability of relatively high-functioning postpartum women highlights the need to evaluate fatigability in postpartum women, especially those with clinically signifi cant pain syndromes and musculoskeletal impairments (such as incontinence and pelvic organ prolapse). The profound defi cits in strength and fatigability observed in postpartum women at time points that extend beyond standard maternity leave (6-12 weeks) also highlight the importance of evaluating musculoskeletal readiness for return to occupations that require performance of repetitive, sustained or strenuous physical activity to decrease injury risk. Furthermore, the long-term implication of impaired fatigability of the core musculature is not currently known and warrants further investigation to determine whether the increased fatigability observed in this study contributes to health conditions later in life, such as incontinence, low back pain, and pelvic organ prolapse.
Limitations
In our cohort of women, the nulligravid and postpartum groups were statistically different in age; however, age and fatigability (time to task failure) were not associated. Furthermore, age-related differences in musculoskeletal function typically do not present until after age 50 years, and studies of limb muscles show that older women tend to be less fatigable than younger women for isometric tasks. 44 However, our data demonstrate that the postpartum women are more fatigable and older than nulligravid women. Although postpartum women are older, there is evidence that this 6-year difference in mean age among this young cohort does not impact muscular performance, including fatigability.
Furthermore, to minimize abdominal muscle activation prior to performing the ASLR Fatigue Task, IRD was measured at rest without an active head lift. Further research assessing the relationship between IRD with active head lift and fatigability is needed.
Finally, longitudinal comparisons were completed in a subgroup only and the primary analyses were cross-sectional. However, results from the longitudinal analyses supported the results from the crosssectional analyses. Future research with a larger sample size that could be tested longitudinally would help confi rm these fi ndings. More research is also needed to determine the impact of rehabilitation on fatigability of the lumbopelvic stabilizing muscles in all postpartum women.
Postpartum women reported increased pain and disability as well as impaired muscle function on questionnaires compared with nulligravid women. While postpartum women in this study demonstrated Oswestry scores that were statistically higher than control women, these results were not clinically signifi cant ( < 6% disability; ≤ 20% is considered mild disability). Further investigation of the fatigability of the lumbopelvic stabilizing muscles in women (postpartum and nulligravid) with clinically signifi cant Oswestry scores would be benefi cial to the understanding of the role of fatigability of this muscle group with low back pain and disability. Postpartum women also demonstrated impaired pelvic fl oor function and increased pelvic girdle symptoms compared with controls. While women in the vaginal delivery group had higher Oswestry, Pelvic Floor Distress Inventory, and Pelvic Girdle Questionnaire scores than women in the cesarean delivery group at 8 weeks postpartum, no difference in these questionnaires was observed between delivery types at 26 weeks postpartum. This lack of difference at 26 weeks was driven by improvement in the vaginal delivery group, while scores for the cesarean delivery group did not change across time. These fi ndings suggest that vaginal birth is a risk factor for low back pain, pelvic fl oor dysfunction, and pelvic girdle pain only in the immediate postpartum period, which is in contrast to the popular opinion that cesarean delivery provides long-term protection against these impairments. 42 However, this study only tested women up to 6 months postpartum. Future research should assess the impact of mode of delivery on pain, disability, and pelvic fl oor dysfunction after the postpartum year.
Women who were more fatigable during the ASLR Fatigue Task also walked a shorter distance in 6 minutes, which was signifi cant at the 8-week time point but not signifi cant ( P = .051) at 26 weeks postpartum. Although this association does not imply cause and effect, any instability in the pelvic joints from pregnancy and childbirth, or impaired transfer of muscle force during sustained activity, may contribute to decreased performance of functional mobility. Lower levels of physical activity during pregnancy and immediately after childbirth, shown with accelerometry and the self-reported questionnaire, may also have contributed to greater fatigability, as suggested by the signifi cant associations and lower distances on the 6-minute walk. Physical activity was also associated with the fatigability of the trunk fl exor muscles tested with the intermittent, isometric fatiguing exercise protocol in both healthy men and women 43 and postpartum women. 28 Lower body fat was also associated with decreased fatigability. These fi ndings support the importance of individualized, prescribed
